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^y ny^-7^tU 

HtFfE^y f3\ ^*!>t;l/7Ki:, WE^y-fe/v-T 

i <z)*oft#«fc «fc 5*yjfeiit*Kje cfc^ * y wtzfr 

v\ 

[»*«2] JOTE^ytt, WEIIlOffifc^ftfciJ; 

#* i E^^-^^a^^^o 
[t»*S3] iE^*yt/vrwii-7 h y **e« 

U 

SffE— »SEfi«Bte^ ^ey ir/wr W<£>n #T K^Of 
BWEJBKO^— ^^*«t, lWE»10«*#ftfcJ;5*J 
Lx 9(rE»lo*J^#SJcJ:5*J^*^5:^oi:#n 

i«»^s:»*t5t©"efc5r t &*s*£-t-3t*#* 

*Uft*«:K J: 6«3e»*e* Cfc»fls*rttE> * » fc» 
* f § «> ^ AS 2 O v- - ^ > -y- £ L T fig 5 t CO fc 5 
r t trWUfc-f 51* l EtOf-i'ftl^fA. 

^^y ^hn-^irSr^rU 

iitrE^yi*. ^^yww^ ttiE^^y t/ur 

WOE«*«0-««r*^-fes/ hi LTfttf pftB*- 
B*Ett*Pi:, *tfE-^E««fBl^ffaEi-5i*«OT 
fc*trE^o-fey^ s K*t"5T^-fe^T K^^t «y h 

yr^t^(Of|/THfot, BtjE— l»E«*BJwffa£i-5 
K^dSt y hi-5^§d»Sr 3 HJ^-rs»2 0* l J^SS: 
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2 

Lt^ ■=& y ftj E— NFEtftSB ^ n i? y * Kt* — * £ 
iti*U J-oStjE^^ey ^yha-yii^y^^^T 

l|jr*^J6# LT^^eyfi^^ey /UT W ^ £ ir y 

io ^ey a^^x-^ffi^'T 5 ^^Sr^n-feylUciijsqi- 

[1***6 ] ItiE^ ^eyfi^p y ^«*fcWI*»fls£ 

[0 0 0 1] 

p^y te^siBar^^^fcRTlBic+s^— ^«oas/ 

[0 0 0 2] 

^ — ^ (PC) — fc^ilMSSU D-^yK^PCC 

[0 0 0 3] — ^<D^^-y ^***ftfcoV^TI4, ^E 

•T^ir^-^^y (^TDRAM^ifS) ^J£<ffl 

czir 5/f-Oi"Ci£< tCiSigco^^^-f • ^ >-^A • 
T^ir^-^^ey (HTS RAMtSt5) 
a^^ey t LT^fiLT, ^^y ^^"r^conaW^SS 
^{bSrlHoTV^ b^L. r#I[:cPU(Z)lMS 

40 Ki-SjJJWciftfeix, try M|i«3flS!ev^SRAMJcJ:5 

[0 0 0 4] DRAM*ri«3*{b-*-6fc»«>a*aflfi: L 

AMefl:Sr»l■^b-^"5^?»WS*Jfei^TV^5 0 ^co^Ii LT 
^5/^>^y##DRAM^fcff feiXfto rttttD 
RAMrtJB^^^r -xi/a^^E-y Srja*iiAy-C, ig^icr 

so attfe5o roiJW^<tt)^^y->3.^^-yrticfc 
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AM**<DT ir&ffi'tZZ k k ft Z> 0 D 

£5teXWtiZ.mm£tlX^?>o 1 9 9 0 SYMPOSIUM 0 
N VLSI CIRCUITS DIGEST OF THECHNICAL PAPERS 
(1 9 9 0 v-V/tfv^A ^V zl/UzlXT'C 

— X) s [JUNE 7-9] (1990) The IEEE Solid State-Circ 
uits Council and The Japan Society of Applied Phys 
ics. Ofch K. Ariraoto et .al. 'A CIRCUIT DESIGN OF I 10 
NTELLIGENT CDRAM WITH AUTOMATIC WRITE BACK CAPABIL 
ITY" p. 79-80 o ^Oi^CDRAM^^o 

[0005] titzs mmrf^^mtet^v k LT 

ti^5/775:DRAMWMAU &&T?±* 
&-*imkL,tzV£%zMhfoV, rnii1#i?8-l 2 98 

[0 0 0 6] Mtc±SE<DJ; otemmtet^V £r*5«L 

otZXfik&mf 5Z ir^T^^o IEEE JOURNAL OF SOLI 
D-STATE CIRCUITS, VOL 28, NO. 4, APRIL 1993 (7W 

h y ^w- • i^-Y— ^ • ^ • y y ^ k-^v 1 — b 

•if — ^5/7) , N Natsuki Kushiyaraa et al. "A 

500-Megabyte/s Data-Rate 4. 5M DRAM * p. 490-498 o 
[0 0 0 7] CDRAMT^t^^BlCfT^ 

=. «J* 4: 3**t" 5«l«tl»LT*t!/Va {*J$SS« t 30 
[0 0 0 8] 

ftdsfclftWi*So Hi 3t:^^5^rAMt c 

o-5 5 1 T'#t/££*b£e> ^^y3^hn-751(l 

£ix5o ^ntyt5 0H©7^«B, KSr 40 

flHHftG 1 AT% 7Kl/^fl*i6 0A^*!l3V 

SrJBl^o 1(1 ^otyt50 

Ki/^(l*i»6 0Al:tfilSixfc7 K^^ 

7K^(:^U «W*6 0 B«CT±IElt*«5 2 — 

f4, «#-»6 1 A-C^otytS 0 iaifSi-3i*K, 50 
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fS-g-j»6 1 B^T^iStt^B5 2<0»I»S:fT5o 

[0 0 0 9] atroiE*«t52iai *iry^a 
ft^IS^f:^V«DRAM^fflv^jltV^^\ 

i/a^«i^of:DRAM5ril/^f'&ll *irs> 

i/afia^^K^-^j&sfcSd^^o*]* (tagSt* 
©tyFflt) tfjfcWcfca. ttffiaTAGfflHcBLT 
tt, ®TAGSH5«rDRAMrt»fclR«^5»^ ©TA 

[ooio] «MB<D*>«*«i: LTfuf£c d r am£t^£ 

tffoix5 rttfiCDRAM^y^rt^rcOTAGSB 
«r*TU «^**r^«^e*rS*SC«:4:S. 

JBBr**:^n-fe 5 0 S^fiHtr«±TBM#*>*. 
^tKiCDRAM^t^fc s> h*J5£ft*»Srf*JDL^< 
-CttftfeftV^r fc-e*>5. SfCDRAM^b^tyb 

r <o«#i***»f«ini-s r k k * 

V) =2^ Sfc, C DRAMAS? Off 

^y i— earn, ^nir^ifso— e 

[0011] SfclltrfE©^*^*, 
•fc^fcJMJH-Sfcft* £EIKt5 2^<£>T^ir;*=i^ 

«£iiiE©w»aDRAMii % flr*o«a*r^ 

¥U^SL E^DRAM^or^ir^d5*6«>&ixixtfBajB 

[00 12] roiJKttAaWSrJIllcfi^to*^*! 

ft*BRfc*S*»i-w i:H:H«T*ofc Q 

[0 0 13] ^W^aWfi^^eyr^-fe^oHififtds 
^Ttt*^— * «L31^* a 5 z. k fd fc ^>o 

[0 0 14] **W^WEffiWc:*^ffio'atti:«fa* 
«Wl4*W»»©IE3d»t«6ftiaffi*» & W b * ^> ^ 

[0 0 1 5] 



5 

[0016] -tt£t>*>s **yis~ft&mm\zm&zh 

"fS^S (1 0 3, 2 0 3) Sr, 
(113) ir^y (200) 05pi5#fcfi*ii*, 

[0 0 17] *fc % ^^ey o*lc«nE«JE#ft«r»o» 

Mbfc*-£-e#s. 20 

[ooi8] ^y rttBfcv— jr^* (3 0 

1) SrSttSrt^ ^^y^SMf^fMftT 

muu;^ ^y ^^fn-^co^- hmm&m 

[0 0 19] ^M^ffiS^-^ftLav/^^ASrJEt-P 
3£-r5o x — ^«ta^T-A(i N ^n-fer^i^ (10 0) 
fc. KHE^n-fe^lUcasKtSiifc^^y (2 0 0) ^ 

— 9 (113) ^^r^i-^o mlfS^^y tt, **-y ir/i^ 

rw (20) t. mm*^v±;isT (Dfttitmnn 30 

— gp^r^^ir yhfc LTM *T1B4--I»E«« (21) 

t. mm— i*E««Bte#«Ei-5«f«or Ki^teii&E:/ 

*»«r*0*i-**l (2 0 3) t Sr^TL, mflE 

IB l WWJE^Jftfc J: S*l£ttrAK:ft Ct^^y »ff£«rff 
5o SufE^^y =r> ha — 9^ Mie^Dir^-^^^co 
^y T^ir^Jg^icfifoT. *trfB-WPE*SB^#«E 

© (10 3) Sr^U ttE*2 0«*#aicJ:5«ffil* 40 
*^i*51f«*a(rl5^n^y*{^^5i:*^, Buffi 

[0 0 2 0] tf&E^y 14, ttB*lo«£#»teJ:5 

t/i/TKfiv h y **E«Sjh,fc^-f s/^M^^e 
yt;i/SrEt^tLTf U HrK-H#E«8Bte* y 
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{tSrfg^L, «rE»102W3e#afwi:5*]3ett*j6S^^ 

[0021] 4rvf-tt^*y-ett*<^^y h 

vhu-^t^ i»EJIS2©*0«#«KJ:5W3eit*fcJt 
Dfc»ft£«rSlrE* * y fcftojR 2 jr > 

if^SJ®^ (114) rtJdKltSo 
[0 0 2 2] 

5 0 I^Efc^SftS^— *&S^*7^ti\ #Jd©JPS^ 
ttftv^ c PUiti^flljSSiiS^Pt y 1 1 o o 

t. nRAMmic£<>xmj&£tiz>3immmm2 o o 

StTE±E1t3S«2 0 0— or^-fe^Sr^v bo— 
-f£^y ^ v hn — 9 i i 3 £5r^A,TV^o 011: 
^i/^1 0 5, 1 0 6A, 10 7At^Jtl5t(?)ft 

tc, *I2ttSB2 0 OS^^y = > 113/: 

[0 0 2 3] WE^n^ylM 0 0 tit, WfcfWBBSiX* 
V^*S, CPUlOlC^rt^^^^y (CACHE) • 
TK^»<^7 7 (TLB) ll^SNKSiX, ^ 
>y S/a^^y • T 1 1 fl^^^X^ — 

^^S^C^^hyo«B*3i*ftifSr*Eft«Jt2 0 0 

— 9 1 2fctt, DMAC 1/^h-^^ey-T^ir 

V\ miiSCPUlOf^, ^s^Lfc^^JMJBLT* 

ft*K i o T«iff *s«MK S ix«*S^iflffi u ^ ft if 
**i-5«llC»*«r*i-S. CPUl 0ttA*«riWE* 

y^^^y^fjU'^^Cn-KU SSSlM^St^v 5 

KT^ir^tc^LT, *t!/^aty hOBli ±E« 

y (CACHE) 3&S*+y>3.*^JCft5i:, CACH 
E • TLB 1 1 {Cl'&SixSftyffllHlK^^^r— V 
Fp-7 1 2«r^LT±E«BR«2 0 OSrT^ir^-t" 

[0 0 2 4] mE*E«aS« 2 0 0 ft, «FtcMIB$ttft 
V^S N ^^-yg|5 2 0 1 . ©JWS5 2 0 2 N TAG35 2 0 3 
aut7K^»ffl»2 0 4S:tt5 B ttE7K^»B 
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*{f#2 0 8 ^7^7 0 9 t SrSJGHJL 

K^<8f2 0 8 [j:T AGpp2 0 3Kfc£t*&£ix 

[0025] mriE^ y a 2 o i is, ^ y -t w 

*y 35 2 0 1 tfV't-f^ y?lgt<D**V -t^^-tZ* 

^^ytMW h y ^^iBfi^^fc^^ey ir/wT W 

(MCA) 2 0f;i*tLT. t^r^7 7f (SA 

A) 2 l*r— BWEttHBfc tttt^o ^DWW 

*4«^tt»iS-r*tT©i7— K»wli:, ^yir/W)^ 20 
5o 

[0 0 2 6] ftulB!7 — K8WL|j:7- K '<2 2(C 

J:oT»Ru^</WclB»Six5 0 o #7*3—^2 3 tta 

[0 0 2 7] tWBK'y MftBLtt, 1*KH*»4f»i-5 

a*, -t^r^t^c?^ BfiWFfoSbtrr/ 

^i~Z> 0 mjfair^^T>'^ P 7^^2 lte, 17— Kfcl* 
[0 0 2 8] fiulB J tr^^TV^ P 7^^2 1 ^S^-T^ir 

^7yroE»/ - Kii*7 7 W (cs 

A) 2-4fcioT*RS*U »&3ixfcei*/— F## 
a^-^^CDSr^LTAtii^lHlK ( I O) 2 5 1^1 
£fr£ 0 *5AMyf7W (CSA) 2 4tc«t5^ 

AMflf SrfflM5^7A7 Ki/^f (CAD 
C) 2 6^5o 

[0 0 2 9] StjfS^^ey ir/i-T i/^f 2 0, !7 — K K9>T 
/^22, D^7K^73-^2 3Mt^7y7 P 7 

[0 0 3 0] S >^SJ^li]K (TCNT) 2 7 ft, 
o|)7K^^fn-yiffRAS, ^/7A7K^^ 

>^3Wlflr*BSEL»OI|PjfPflr»«rA*U 
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^•MCLKMfflJtiSp ninety ^^^tt/<v^a 

W«*B S E L «Bi $ ttfc^ pTflgfc: S *l 

5 0 7Ki/^fttO»)6©tfyh (^^7K^fl 
#) Sr»E/^^I««f B S E L i*4tr tas-C* 

[0 0 3 1] 17- K«»RBffRtft y^7>^7 y f 
2 iCJ:5?yfifPttB*7K^^ hP-^R 
ASlC^J8LT?Tfr*b£o ir>^r^^^>y^2 1 

v^RO, 7v^9h{¥*m&'rZ>o Lfc#oT, 17- K 
iM«»Uttm- ioT7-K*l * * y t^#W 

y7 p 7^2iC77fJ^c -toao^yr^-fe 

T K U^lf -^$r)iH^^xT^7 ^ AT Kw***!tt*:» 
?yf2lH, KKfeiKB*^— ^SrAm*laI»2 5^ 

9 5/^2 1 ic^ yf^TV^< 0 •fey^7^7yf2 
1 ic-^-^^^y^bfctt^y- K»4:»*S17— K 

^£ii:£o C*>»J«lM\ art^^^^y^^r^- 

[0 0 3 2] CAJii Oflfe^ii ?t-> ^^y^20i 
^irV^T^:/^ y.^2 1 Mty^7y^-V yis 

* 1 Lrxmmtsthz h<Dx*h%o sit, ^^ysi52oi 

[0 0 3 3] ftuf2TAGg|5 2 0 3(3, Suf5— B#f51t^ £ 
^t-liufST^-tr yf- l 0 0^*f^7^ir^7 
5 0 TAG£1$2 0 3 0»J*.fi, *^7^^*5©7 
IP^p, TAG»2 0 3(t ir^7y/7yf 2 1*5ffi 

^^ey(:Mt^ 0 #^ j e!)li^^7K^ftt 
Sr<y7 f 5'^^7K^4:LT7^ 
ir^^H^o K^^O»ii*tt, !7— K»»R» 

f^Stdfflffll^ 2 0 2*SfT 5c o^7FMffli^f 

SS2 0 2{C-^^btL5o fifl»2 0 2lt Jt«**<0- 
S/^P— Si2il£^fc»f^«:7« i ey»2 0 l <t 
mlfB^ h n— :/flT8-R AS, CAS, WEttiTO 




9 

>fD-7l 1 3*»fe«*|ftl 0 6 BSr^tty — K» 
f^*t^$;ftTl^ fitjfSTAG§&2 0 3 "CO it ft 

itTirV^T^^ 0 ^ y^-2 1 (C7 ^^tvO^T 5 -* 
O-^t-Ui^^it^o tuf5TAGSi52 0 3X*<Di£m&$k 
^-gco£#fl *J#j)gB2 0 2fl D^S^i^j: 
oTl7- K*»W»f^Sr*^ #7**«rft«s 
S*-c-fe^*r>':/9^2 l^ltf-^^^ 

[0 0 3 4] gfjfS^^y 11311 f&J^SP 

114, ttfcfclSBl 1 1, TAG&151 0 3. XtfT^-fe* 
7Kl/^ft«l 15**t5o WE7^«7Ki/^ 
^tfeffil 1 5 11 ynt^tl 0 0^7 YU*s<* 1 
0 7A^lTiU*^7 Ku*flr*«r£EttHl«2 

0 0O«I«47 Ki/^ffti:««t5o SufSttttSSBl 

1 1 Jl T^ir^T KU^lfeSBl 1 5^ffl^t57 K 

[0 0 3 5] SufBTAG^l 0 3 fl fiuf£TAGS&2 0 
3fclHI«<Blft**r*U MK— ^PfB«SB LTOir^^ 
7yy7yf2 1 C#atS««©7 KWMcWE^n 
ir^ 1 0 0^I*t57^t^7 Kl^^^t y 
36*5*»«r«3fei-5*2(Z>Wft*a:*r«ril-*-5 0 COT A 

GSi5io3t. ^y^^^ey or K^^^eyswc 

*»^#ricS:affli-S^i:dSt*#5 0 IP*,, TAG«l 

0 3(1 t^7^7yf2 ldS«J*i-5««On^ 

fflffil 1 l-Cttffl*ixfcD!>7 K^ftf S:ft»t5« 
lt££:f#o 0 n^7 KWMi#tt>f ^y^Sftfc**' 
TKu*£Jt*fc3Jx, Jfc8tt*#ffl»«i l 4 

[0 0 3 6] ffiEfHftlffi 114(1 jt«te*o-ifc/^ 
-IfcOtffigJoSCT, r-^^l0 5±-ey~Kf- 

J/f ioo^i*pu *i^*»%&^t— *£t— 
^ 1 0 5±-C5&££ii:5'<#*-r S y^KliKf 
^>'£r7 P nir:y1*- 1 0 0fdH*ni-5o ^ntyflOO 
il iifeJ^JxfcW^v^&if^aoT. y— 1*7*—* 
3r/^ l 0 5 3S»68i9i&^ sfcvsi l o 5 }-7-f 

[0 0 3 7] Jb»o»W^bWfe^4J:5»^ £E«« 
f2 0 0 ^ : ey^yhP-7l 1 3<D2J^j&STAG!fB 
2 0 3, 1 0 3C±ott^7>'^S'^^fc5' 

1 0 O^t^^^ey • y - KT ^ir^O^fJLjfc^L 
T\ fWffi^y ^hp-7l l 3 StteffitSSSa 2 o 
Ott5fe^TAG»2 0 3, 1 0 3 K X 5*UJ£»{££fT 
V\ t y h©«JBS*l^#UT±EW»2 0 Otttt 
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fSirV^T>'^^^^v'^^^^ P nir^f-l 0 0 ICt"— 
*£r£ti;^U J.oSfjf£^^ey nyl>n-7 1 1 3 f±±E 
«i^a2 0 0^^f-?ffl*^>f S ^^Sr^n-fei/if 
l 0 5 LTfc* £E1* 

^«2 o 0ttgfeOiNJ*jfe*{c:S<5v^l!if^L, ^^ey 
n> 1 1 3 fcg ^O^J^^^S^V^T^nir 

ylM 0 O^OiiftiSrff 5o {51-, ^^ey^yhn-y 

1 1 3fctt^TAG«51 0 3«r*i-5»&Jc:H £E« 

10 ^^eyid^oBfl^agti^o i5?M, £E« 

3£g2 0 0SIWTAG9J2 0 3 Sr^rfa*&^(l 7* 

Otyf 1 0 0— <Dmj£%£%:<Dm&&lgtl, ^U±y^ 

ft^yptyf 1 0 O^onvy K£:58fT-t"5*>f ^ 
[0 0 3 8] Hi 1 Ot"— ^felV^rACfclj' ££i5ti 

st2 o oo^y T?^*mm^^xw.\z.mm-f 

20 [0 0 3 9] fufE^Pir^lM 0 0 fab<DT *i?*T K 
U;*flHHi'<;* 1 0 7 ACT^^ U n> 113 
f*30T*ir*T KW<£tMBl 1 5K:e3t£*U COT 
m7K^»»l 1 5 ttfc*B*T*-t 
*T Kl/^flfftt, If ^1 0 7 BSt/Wl 1 1 £ 
^LTTAGSl 0 3Ke«S*l, *fc, flHM*l 0 7 

B^tr±Et^i2 o o^ei^iiSo ±e«3£« 

2 o o— oifBtir^ir^r Ku*«**>e»i 

i^7A7 Kl^^*r»lBLTI*^W*a[-caS5*ife (T 
30 K^^f7 P l/^M) fitSfeftV^ £E*T*-fc 
*T Kix^«#4: LT-iSeart-S^ifeSrSL-CV^So 
7Kl/^10 7B^bM$tl/:7K^ltm fill 
E7K^ttffl»2 0 4Ct, n^TK^ffS^ 
^*T KU*«»2 0 8 ^7A7 K^fi#2 0 9 {Z 
ftMZtiZo o *7 K^««^^7 KV^ft* 
2 0 8I3TAG&52 0 3 ^eSIStlS * y g{5 

2oi^un, #7 at Ki^^flr#2 o 9fi>^ey 

*B2 0 l~gjS£:h,3 0 /ntytlOOfciEtSl 
2 0 0 t OPflO^— *AtH*fi^^ 10 5 Sr^LT^T^ 
40 tL5 0 

[0 0 4 0] 7 p niiryiM 0 0^fe^EtS3S« 2 0 0 — 
OT*ir*^3ft{l ffifj|l0 6Ai:J;ot^*y3y 

ho — 7 1 1 3^T^ir^=3-^^ KSrSA-TSCtT^ 
tPiX^o ^^tli^y hn-7 1 1 3 ftO$lJ#pa5 1 1 4fi 
ft*»l 1 OtCioTTAGSPl 0 3 0fBlfl?SrtT5 fc* 

^, m^-m io6Bia ^x±mwmm 200 — <oum 

ZftOo ^E«3S«2 0 o^««*>54i^cji 

^y^yhn- 71 1 3fi7 P nir^f- 1 0 0^St57 
Ku^^feT^-fe^i-^SiEttaSBtrftJEU KSi" 
50 5iE«*«^T*-fe^S:BI!*&i-5o ffllx.ll H^fi4f 
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&-tZ>&* 7 1 0 7 A^fe61Six57 

M%^<r>— ffifrffittiAi l 4tf\A^U :mt::g^^T 

T«¥fcJI5Mr«^*>S. Sul5TAGa51 0 3(CTtT^ 

T^ir^T Ki^£>5 ^^n^r Ku^M&tf^^^ 
T Ku*«-§-U:BBLTfTV\ r^)P')7Ku^flfW 

ti6 0 »H1»1 1 lCTttfflSftfco!>7K^»tX 

u^v^r Ki-;* ft i 2tc«t 9 tag§b io 

10 3Cei^n5 o TAGSr&l 0 3fi, 3feE«3£B2 
0 0rt^ty^7y7 e ^t h y — £*LTl^ 

5fl»a^o!>7K^S:««FU r<Oft«F*tbTV^T 

fll2 £J£K£ix5o r(0Jfc*M**ttft*»l 0 8(C 

£EH3£B2 0 0<DT^-fe^»f^*4o »>T^ 

v-)^^bi"5^T% 5*-^— ^365^nir ^if 1 0 O.ffil 

M\ 0 6 A&m^Xzf* 

f*. 0!l;Lfi^ TAG10 3Wtyhfflgt, n 30 

yfin-^ (^o-fey* 100, ^^y^yhn-yll 
3 XV3EE«S6« 2 0 0<Dmm?vv?itf§r) (O-y-^Z 

te*Sl2 0 0ftO*irr^«)««i (irv^TV 

I^^^^E«JK«2 0 Of*)0=3rY ^i^ffi^^ff^^V 
by-$tt5fc», TAGSPl 0 3COM»f^tT5c 
[0 0 4 1] ^E«3S«2 0 Of*. 1 0 7B^5> 

T KU^ttfflSP2 0 4 J&SSW"»ofc±E*T^ir;*T K 40 

0 8 ttfyJ^T Ku*{f#2 0 9ic5>g8-T5o SufSTA 
Gjj52 0 3Wty *iry'>afiWii 

E«3£fi2 0 0fi, n £r^i?;MSfr:b&l^#9^T 

wttliTAGffi2 0 3^bOt y hWefflr*Srff 2 
0 S\ZXft}ffl&2 0 2Uie*U 0 2^bO(B 

*PfflN§-*:«wi*2 o 7 (cr^^y sc2 o i-nsa-rsr 50 
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T Ki^;*<S>T f -*£:£!2S^g2 0 0 rt<a=*-Y y "^iS 
^^{-^^ h y-U TAG35 2 0 3<DM0r 
w<03E«f««l»«2 0 2 75^^1^2 0 6 (CTtT^n 

[0 0 4 2] lS9i£<D*P< ^^y ^Fn-7 1 1 3 t± 
£ttii2 0 OO-tiX^ix^TAGfifPl 0 3, 2 0 3?: 

0 'n* » T ^ i? * 1~ -5 r k x # 5 o 
[0 0 4 3] r<0*ttfeB3©*>f + — h*HH 

m 3 <o 'A' T-^^axTl^^A— zfteft)) is* 
*rJ*^<Dm$t&&%Ll>tz i b<DX\ l00 1Ali7^t^ 
= ^>K4r, l00lBli7K^Sr*t. ^o^S^ 

rt0^^TAG|f|5^O#^C0^^^^^^«l«t 2/ 
hl$<Z>T U 1 0 0 2 A*4*E**S«^ 

07n^3^KS, 1 0 0 2 BM:±E«T^ir;*T 
K^fc % 1 0 0 3 (igflcDi^tii Lf-^ LT 
v^o £e>(- 'C ^Stfe&iftS^i'— 'T'H:* 0 1 co 
i5l^^^yf0-7H3 ££12«=BEB2 0 0O 
pj^lCTAGSiU 0 3, 2 0 3^oS^^t^^ 
»«F*«t ^ h«FOT^"fe^tt«84r*Urtet). 100 
4 Afi^E*S«^^T^-fe^3^^ K4r. 1 0 0 4 B 
tiiEtST^ir^T KU^Sr, l 0 0 5 l*9K*ai Lt*— 
^^fob^LTV^o 130 'B' ^it-< 'C' n^— 

2 0 tTAG^tUt^5^btfe^) 0 
[0 0 4 4] £E««firtO*«CTAG»*«po 

Ste, /^y^yfp-71 l SrtCtTAGgp^o 
d k i:i;oT, ^y3yha-7ll3^f)ty^J 
je^SrBlClw^o-fej/iM 0 0— e^^i^C^c -tt 
lei; 9, ^n-feyfl 0 0O«LSSr#^5NFP B ^ s */h 
BHc»*.b*t. *»(D£Ei8ifc^o-feyf 10 0B 

[0 0 4 5] 3E[C**{ki-5fe«>(Cli, TAG3203 
y hW&k^KtitTfizxT K^^)73- Kt 

[0 0 4 6'] ^^li = y^n- 9 113 

S^E1ftSS«2 0 0O3K*lcTAG»*ifS:#JPi-5 
i6frK3&s fc 5 ^ > * CO fc * <D 7- v coif ± fi r < 
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t?*>5. twifiiiaToaotibi. dra 

6 D DRAMttRfcixfc««rtij:**o**Srfll«-r« 

^■^y &«DRAM£&^TDRAMrtS|5^3r^ S> iXcx 

^> h y-^tt#-5#^^ey (s<>?) (DT*—? 

Vn<ZTC\ *E«SS«2 0 0OrtSB»C«< TAG«<^«fifc 

[0 0 4 7] «TAG£&» H4friiB(rlSTAG«f|S2 0 3 
t&^-T5 0 rc7)TAG^2 0 3f±, fitj»2 0 8-eAA 

^tito Ki^ft-^&t^^r Ku*fs#2 o 8 

frb'OtT KU*«#fcttffl-r5ttffi»l 2 0 1 N 3f 
* 5/ > a dfeftflffi £ tLT V > 5 X — * 5 O 

£T KU^Sr**««Pi-5TAGT I — 1 2 0 3, WE 

atua 1201 -rttffiSixfc^^r K^ttt^&T 

1 2 0 4, fuETAGT^ 1 2 0 3 rtlCy*— ^Sfi^ 
$ilTV^^^/Ttta77^1 2 0 9, pi)7F 
-§-£7 yft57 b^^yy^U 1 2 0 2, XV 
A;fc$;h,fcn ^7 KMft^TAG7l/-l 2 0 3 rt 

0 5fclJ:91ft*;S*L6 D 

[0048] ^^y^yhD-yi i 3a»feejg$*wt 

K^fltfStf/<>'^7K^fltt2 0 8ttttW 
SB1 2 0 l^A***Lfc«, 'OPT Kl^ff-^ttffl 
£*X6 0 n |>7 K^<ttli<Jfi» 1 2 0 6 I: ioTT 
AG7U-1 2 0 3l:fiI^tftC, p<)7F^ 
7^fl 2 0 2^eiJtl5 o IICD'?7K^7yf 

1 2 0 2KitbnfcA*o!>7 K^flf It ft-9-jR 

1210 izxtt&m 1205 icea*n«o ^>-^ r k 

l"*<t#f±{t#* 1 2 0 7 Id J: 9iilRlH]S§ 1 2 0 4 

• S*L, I OSKEIIt 1 2 0 4 -eSRSJlfcT AG7 1/ 

-SfHtffite. (f^Il 2 0 8|:ioTTAG7l/-l 

2 0 3(^eiS^^^ o ro«#<»tcJ:5»WSixfcTA 
G71/-1 2 0 3^:gj$$titV^:P!>7 Kl/^lt 

2 1 1 KJzoTjfctfcSl 2 0 5^ej|* JxSo 
JtK*l 2 0 5Wtft*»l 2 1 0^±0fi*Six6A* ! 
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ni>T KU^i, TAG71/-1 20 3 ^feSJR 
£HTf§#Hl 2 11ia 9 45jg£;ft,5n 57 T Kl/^fll 
«£©-*«J&MT3 B -»*J«OJ»*fi»J«ia5 2 0 2 
(-S^n^o MEP&S2 0 2te&m&^- : &L,t£fr<>tz 
S^ic, ^S-T^n^r Ku^SrTAGT U— 1 2 0 

^l:»J6t5TAG7^ 1 2 0 3^f2j77^1 2 

0 9<SrW, o^r^-fe^ 8:^5 2 0 7tc 
T^^i"5o — itoS^icite* ^ at ^ Sr^T 5 

io ?:if^2 0 7l:tMt5 o tf^^ynyhD-7 

1 1 3*»bry^ir-^««r*»tfc»frtef4, TAG 
TU-l 2 0 3^/^^Ofa7 7^Tif5 0 ft 
:fe\ 1 3fttCl£M£;ft<5TAGgf5 
103tTAGg|52O 3IB«te«rii-t"*LtfJ:V\ 

[0 0 4 9] :©i5l:TAG7I/-1 2 0 3li^ty 

20 [0 0 5 0] H5fiTAG«FB2 0 3 HH 

9^ n y ^ l:*R«!|-ei»t 5 I i S:*to ^fREA 
Dn^yKSWVR I TE3^yK*AASnfc*& % 

^7K^tn97K^Srftfflt5 0 w fti* A;* £ *i 

j eoiTAG7 1/-rtO#jSf§/^^^n^7 
Ki^i, A^£*ifcnii?T K^Srlfctti-*. TAG 
30 »KJ;5Jfc(i(Oj**, AAJilfcn97K^^ TA 

gt u-ftf;i^£tLTi^ » £r t— stts 

* ( (READ I WR I TE) &H i t) *f-JS1" 

( (READ | WR I TE) &M i s s) ft rtfVO' 

5n 57 r K^S:TAG7U 4MftU*S*7 5^«rfi[ 

40 ^te, n r>T KU^^E)/<y^7 Kl^SrattMLfcft 

[0051] wOitttttA*sttfc*Eftr^ 

^ff5o r^JJtfi, A^$tLfc/<yi77K^i:J:o 
TI^Jtl5TAG7 ^-iw#BB-r^^^7^(rJ: »9 

[0 0 5 2] S7t, ^y^^-v^ (PCH) 
50 S*tfc»frtt, '^9T Ku^*ttHJLfc«. »ffii-5 
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HfcteH^LTV^V^ READlWRITE^vy 

[0053] ^oiSfc^o^^^raJHTfSiatea^fi 1 

[0 0 5 4] i^*-CTAG»0«rit*5J:l5tttKWH 

La>u ^tt*o»^fciKo-cSllSSix5toJt-e«ft 
wucHLT. TAGSB-Ct y h2fi|ftdstTX-5J:5«« 

[0055] (U^t y hB#C0^^ey nyhn-yCi 
S-^^y T^ir^SJ«l» mifSTAGgPl 0 3, 2 0 3 Id 

So 

[0 0 5 6] @6l:H^^!J ^ > hn»7 1 1 3fcJ:5 
1 3<£>SJ#pg&l 1 4te[i!6 tc^tiSt*; 

lB»»•J^^l : i^^T5^MW»as^*LTv^s 0 nei^^r 

[0 0 5 7] ^otytlOO^fe^r^t^g*^ 
!I-K (READavyK) *>5V>li7^h (WRIT 
E^vyK) co^Clte, ^^y 113fi 
»*Wte2BIte»ftT±B1t««2 0 0-T^ir^Sr^ 
9o r<D2[Hlcor^ir^(i, TAG^l 0 3 t£j;5fc y 

lingoy — KT^ir^^iietsr^-fe^r k^, k. 

tmttZL**}) ^ylM3-7l 1 3f4£feit^g2 0 0 
fcttaSEKTAGlfBl 0 3KTt y h«jeSrtf 5o * * 

fiffllttlB (IDLE) (CM«9. 2BI©7?t^liffb 
*V\, S*tf>»<&«:, ±CtSt2 0 0-ef4n £T^ir 

3f*TAG«|5 1 0 3C0F^)S^MfrL-^^^ n ^ n ir y 
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T^ir^fi, 4Ei7^-fe^7 Kl/^StfREADav 

>- httOTR I TE^vy K> ^7 ^.AT 

K (COL) tm&Zh&iK MSL<(i, ^?7^7^ 

f4£«E«3£«2 0 0rt^{c^f£t&T^i?;*T Ki/^itf 
10 READSfcliWR I TE^^y K£r9 y ^i" 5««Sr 

[0 0 5 8] 7 p 5ft'-> ? ty7W^>a[:HLm 
= K * T K u * «: H I* fci£ 0 S - 

[0 0 5 9] rOct 9{C^|5H^S2 0 OftO^ -xV 

1 1 a^fe^o-fesz-b-l 0 0— St- Wr- > 

20 ^««S:eai-e*5^>-e, W^o/Btytl00© 

bfcl, ±IS1S^e2 0 0ftfflSlc£B1tT^ir*T 
WREADttliWR ITE^vy^7 y7~fZ>m 
«S:Ktt5»&tt\ ^ynyFP-7ll3(D«W 

[0 0 6 0] El 7 te^wetiSig 200 <nWMm&*:7F 

^2 l£*^s>^{fc^«£LTfflv\ ^^y9520 

30 Tl5# " I " mfoWfa^-to ^ynyhp-71 1 

m&2 0 0l$, ^*y3yhn-7l 13itt»4^T 
AGSB2 0 3tJ:5ty h*J3fe*rtT5o tyhflt^tt 
*E«SS«2 0 0rt»<O*ir jy^a««F««l^a 
©7K^^7-^^b4l^ U*B#) 14*^ 
T^-fe^«rt¥V^»*R« (IDLE) |cM5. Sfc, J3f 

i;otty^7y7 e {:7 7f-$KtV^7-^5r^^y 
50 •fe/U^W»#ii*L, f-^I^/yft-^t^It 
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[0 0 6 1 ] roj: 5**— K*3Ett, ^^y^yhn 
-7ii 3ftijr*y A^^M-rar t^pjig-efc 

=*-wK (PCH) Sr#api-*^5^-C«»fi-5r 

[0062] t = v h 9 H3K 

|ll|i07^t^t^ *<Dm&&, 2m&<DT?±* 
Xh^joy-UT?^* ( (READ | WI RTE) & 
^7A7^t^^vyKCOL) 8:3 So 20 
w©t#f4±iBftK1t2 0 0 easier Ku^7$/f«« 
Sr*UTV>*tii, r02IiIgoy— KSfcf^^^ h7^ 
t^li^7^7^t73-ryKW+^fc5 D r CD 

[0 0 6 3] Sfc, ^y^ir-^9l*S:»fc»^f4ittc: 
^y ^feWttU»»Rtt^B55. y7i/r^I 

**#fc^<4±IE1lK«rtop«*y-feyuSry7U5f^ 30 

[0 0 6 4] ±|StS^g2 0 0— (D2««c7)r^ir^ 
(pi>7^t^x^7A7^t^) £ N Tf^ey^^h 

n — 5 113 f*3£)TAGgB 10 3 ^*3ft-5 t ^ h*UJtJft 

ftfc*»fta»BI»niItt:»ftLftV\ TAGI&2 0 

3S:±f5ie^g2 0 Ottn^iCiot, £C«tt 
12 0 OOrtJfB-et y hWfetJfcJULTczfrT K^t 
t;i^7A7 KU^<7)f = - K^tSfe^ TAGgj5 

2 0 3 t ^tsu^s 200 a*sij?- ? 7mf3t<Dm&£ n 40 

[0 0 6 5] H6XVia7(c*Six5tttt»»d^a<l¥ 

**L5«t SfTETAG^l 0 3, 2 0 3{C^oit5it 

U^fc^h) T*fc5S^W^y7^ 
TzXOis—tr^xmffllts ^^y3yfn-7ll3(7) 
«*»114tffT5 0 y-KT^i?^^^LT 
^^y^yhu-7ll3(l 5fef y-K (READ) 

V 1 1 3f4TAGgBl 0 3fc.fc5tt;«tf**dS* 

ftfey - K • tty^Tt-t* (READ 50 
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&COL) = ^>-K«:SSfifU -ftTfcixfi, SJ-K- 
^^T^ir* (READ&COL) =*-^>- Ktt«fif L 

£1MSS« 2 0 0 B\ y — K (READ) 
K«rSttftofc£#* TAGtt2 0 3 t£j;54WS|g*flS 
— Srefcfttf;*; 7^7^ ir x uf^ic iotty^7y7 p 
7K2l^bT-^HSCfflAU Tf-ScXhtitf 

5^05 3^Bitfs*rf?5. *1E*SS«2 0 0**2 =^ 
yKt**5y-K^7A7^t7 (READ&CO 
L) =*^v KSrSttffiofei:#fl^^Ar^ir^ib^{c 
e toTt^7y7 p 7W 2 l^fef*— ^Sr^HBfcM* 

[0 0 6 6] «$*fc 5/ M»0±B«aS«KJ:5V— 
^ifflM mJlSTAG^Sl 0 3, 2 0 3{C3otf5 

[0 0 6 7] 18 ttH 1 (-^-r^fStt^S 2 0 0 rtSBf^ 
D R AMO^y^ (O^lKl^frttHH^S ^ 
«*&//*:£IE«»« 3 0 0 tf>««r^1\ 

[0 0 6 8] ^|EH^B3 0 0ti\ ±m^M&t Ltffl 

^>t301^ i/-^yf3 0i*fc»J«^5J:5 

fCfe^£;ft^c©J#p£f$3 0 2 £ N y-^yt3 0 1^J» 
i-5fcfeOfWiWfff-^jSft3 0 3 is— fr b<Di%m 
&fflfflm^&mi-Z>tllt><Dig-f§r1&3 0 4|:ioti)SS 

[0 0 6 9] HlOW-ettHltfeJxTV^^o&i^— ^ 

^t3 0 1lt ^^ynybo-71 1 s^b^SMi 
*«:«rt-Ttttt»»oiM»«rfT5. ::t\ :oy^ 

v^^BB«"t-*KKSrfir3„ TAGS52 0 3 X(D fcy F 
*J3£tf>*tm. S^O^te, MfflgB 3 0 2 tttf-g-ffl 2 0 
7idT^^-ygi3 2 0 1— n^T^ir^?rga^i-S irlSH* 
(^>->ryt3 0 l^fi»«*«rfll*l»3 0 3ttfil 

i"5 0 is—fr>va 0 Ar^^^pifg 

«#«r«#J»3 0 4{CT©J^353 0 2— e^So 
S53 0 2fircr)^yAT^ir^pItgff-^^gftT > ^^e 
y 952 0 l^*9AT^-fe^SrRItt-f 5. wCOiptc, 

^^t'ts ^EttHSiltt^y ho-7if48l 

££>T\ ^^ty ny hD-7C0^i«^tl§M^ 

[0 0 7 0] g| 9 ttH 8 c7) i 0 ft±K*SSllrt<BK^- 
^■>-1^^So^|S1t^B3 0 0§r©J«i--5^^y ^yh 
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3 0 0te»Ury-K/9>f h«>»*«:-IB«SSU * 
^y^-y — 51 1 3fttf>TAGgi$l 0 

5/tl0 0i:eitt#«»S5o ^vr^i: 

f t-^n tt^i 6 t^c*f 

[0 0 7 1] 11 0fiH8tc*$tL5± 5.*±SE1*3S« ' 
3 0 0 rtSBKS/— -jr^* 3 0 1 «r«po£fB1tS1i<D:Rtt 

6>y — K*fcf49>f hB**St»t*Sfc* TAGIH52 0 

T*iz**BBteL#»ifc« (IDLE) ^iR9, 

7j&>b<DT^"fe;*=i^>' K^^y ^-Y-v* (PCH) a 

^Mfttt^cDt^^y 3^ hn-7^a*g 

[0 0 7 2] Sfc, (PCH) B*Sr#fc 

(REF) I*^flf:i^y7l/r^^ 30 

[0 0 7 3] ^0>£3lc£e«SS«3 o 0(Di:5i:^- 

3a»6>l*y — K - 9-f h ^yft-^* !)7Wr^« 

HI l o|tlfe«T?RWUfc±E«^^*^* s i**^-^aS!b 
Jilid^l^^y av ho — 50tttMsS«fc*5S*A 40 

T * ir *RTf# 7 AT ^ ir * <7>ffrJ® Z±W.WM&frUX* 

T * ir ^ ^ pjflg fc ft 5 3bA * s fo 5 o 
[0 0 7 4] miBV-^^f-OAfrWISrWTtcKKi- 
5 0 ^yf3 0lH TAG«2 0 3fcJ:5W£tt 

TAG92 0 3i:J:5^^^^^ D ^^ 
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-^^51 3 0 0^:, H 1 2\zffl7F£tltz* 97*'*xf$i' 
— -Jr^lHSS 1 4 0 0 t Sr^-f5o 

[0 0 7 5] *1\ Ell 1 ^t*7^7^t^^ 
-^yfl 3 0 0^—011 £r^1~o *7A7n^lv^- 
^yf l 3 oott. i»»Dl7y y/7Py/ 
TD~FF«t) 1301-i (i=1^4)d»b« 
j£Sft5# ^^y^l 3 0 4 ^ft 

£ c 3 0 414, ftSfcffl^ial**^! 3 0 3 

A-i. 1 3 0 3B-it*JWo 13 10(j:D- 
FF&m&lTZfviyfiBflr&TFl's 13 11I1D-F 
F^y ±y y -fey Mft^^to i l 

FFf^4fli, e«*^tt8«Kttfe;ft^v % S-- 

[0 0 7 6] 3 0 6(d<toTA*^tl5n«>r 

^t^^-ryK (ROW) (4, rvK^— M 3 0 5 — 
1 % 1 3 0 5-2l:M$Wo TAG£l$2 0 3C±5 
t V h*Uft<0«*ttt.2y Mf^ (H) dSft^l 3 0 7 
A|It7yK^-H 3 0 5-l^ t^hOtittft^- 

(/H) l4flT*l»l 3 0 7Bi:t7VKy-h 13 0 5 
— 2{z.fcmtStiZ> 0 TVK^— M 30 5 — 10ta*tt 
ft 1 3 0 8 AttT^- h 1 3 0 9 — fiSSH, 
T> K^— M 3 0 5 — 2<0ffl*l4fS*»l 3 0 8BC 

£ 0 TAGS5 2 0 3-C^fc s> h¥UJ6<D«A* t^bcO 

^•fe^a-WK (ROW) {4, ^»>y^^^t"C 
t7y-M 3 0 9^gIJjX§c — TAG352 
0 3 (DfemcOt&gktf * *(nm&&. *^])U2 0 lKm 

£{f#3:D-FF 13 0 1-i (^) ifix^— ot^A^J * ^ 
So D-FF130 1-i^)IRft *-Y yaffil 3 0 
4 0f5lt^^CO^ P n>/^A^(Cj:oT»:5o ^OD- 

ft f p 7 ^ It V7 f t 

7^- M 3 0 2 \%^^ yf«5 1 3 0 4 tCTiltR^^ 

» t D-FF^ fc£>aW3« # t OlfcaftSri 5 . 
-^(Offi^Srftl^D-F F— Bm-tZMifeZ^o ^<£> 
tr^-M 3 0 2JCJ:0. WRWKiTOfkOD-FF 
— t^-Y ^^•a5{cT51^$^A^{f^-5rA^)^^ ; 5r 
i^it45. ft»aOD-FFd^OHiI "1" 

ffl^f4^-ry- h i 3 o 9-MKi£*x5o rco^-ry— 

M 3 0 9 t4W^ 1 3 0 8 AtfttS 13 12 (Df^S 

fn^gg^, ffl*«* "i" «r*?A7?t^«t (CO 
D k-t&o roi:^^^y^vbp-7ii3^b 

±ia*SS«2 0 0^7>t^Mfftl 3 0 6 k. T 
AG»TOt y b*IS«*©k r/ Hl*l 3 0 7 A, 1 
3 0 7 B£rfflV>T, tyWii^ ^^AT^ir 
u>f r It 5 - i J& 5 ^ 1 45o D-F 

F^ytyHiD-feybfft (RST) 13 11l:±9 
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[0 0 7 7] Hi 1 (DjJ^J^Tt^Mt^ (COL) 1* 

K (ROW) N t hfft 1 3 0 7 A, 13 0 
7B, y iry hff^-RST, ^n^^ff#CLK(ill]8 
^£*L5{f t 3 0 3(^^tt§ff^Tfe5o 
[0 0 7 8] mtZm^-f y^%l 3 0 4 0S^CO^ 

xy^<5 0 ::m :©i«^>f yaffil 3 o Affiy 

^ft 1 3 0 4 (3:, DRAMOWfV^v'^rAOl 

y^Ottfflj&I^OV^Jfi^So :^D-FF 1 3 
0 1-1 ^©A*(i7a-Xl 3 0 3 A - 1 1:81, if 
yis Klc*aS5 1 3 0 3 B- 1 SrSHffU ^of&^D- 
FF^AAfil 3 0 3B-2, 1 3 0 3 B-3, 13 
03B-4^L1 3 0 3A-2, 1 3 0 3A-3, 1 

3 o 3 A-4Sr«JWi-ixtfJ:v\ :o7^-Xo» 

V^4§-g^Mte, W *T— at) 

[0 0 7 9] ^±^tJ:5C rco^^AT^ir^ffi 
v— ^IffflSl 3 0 0J±Jflffltti s WV^<O"e, Sf©^^ 

[0 0 8 0] &fc: N Hi 2SrfflV^Tnr>r^*t^ffl(^V 
— ^iJ-g&i 4 0 0f::o^Tt£9§-r5 D m^ir^^T 
^TW 2 1 y ^fiWlii Ut«fflt«t 
-&*?K:/Bv*&*l5. DRAMii^y^7^r>f^Si: 

4&HI^&<5 0 w (O— ^ a— X • s<>#Ti7 : T 

4S4-e<OWIWSrW-ai1-Sfco-e*>5. 

[0 0 8 1 ] :^)P>)7^t^ffli/-^yt(t D-F 
F l 4 0 l - i «T*«S*v5|fcaiilKi:IE«*^-e« 
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